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INTRODUCTION
Oxygen and carbon are the most important residual impurities in Czochralski (CZ) as-grown silicon (Si) crystals, and much research has been done on them. We found hydrogen in commercially available as-grown CZ-Si crystals that enhances oxygen precipitation.
EXPERIMENT
Two Si wafer vendors supplied our samples as 4-inch as-grown ingots (Table I) . We prepared 8-to 10-mm-thick bulk samples and l-or 2-mm-thick wafers from the same ingot region. We used enhanced thermal donor (TD) formation by hydrogen to detect grown-in hydrogen. We used the spreading resistance (SR) after angle polishing, four-point resistivity, optical absorption at 8 After studying the relationship between the width of the high-resistance region and annealing time at 70FC, we found that the width spread with increasing annealing time. In contrast, the resistance profiles of samples annealed at 500'C are nearly constant (Fig. l) 3-2. Grown-in hydrogen effect on oxygen precipitation We studied how hydrogen in as-grown crystal affects oxygen precipitation, preparing 1-mm-thick wafers and 8-mm-thick bulk crystals from ingot A, both from the same ingot region to avoid differences in thermal history during crystal $owth and in oxygen and carbon content. We then annealed these samples at 750"C for 5 minutes in nitrogen. Hydrogen outdiffused completely from the wafer sample, but not from the deep region of bulk crystals, since its diffusion length in this annealing is about 1.1 mm. We annealed these samples at 425"C for 20 hours, then at 700"C for 48 hours or at 510"C for 20 hours, then at 700'C for 20 hours to precipitate oxygen. The density of oxygen precipitates in the deep region of bulk crystals is four times that of wafer heat-rearcd at 425"C for 20 hours, then at 700"C for 48 hours (Fig. 5 ), but we observed nearly equal oxygen precipitate density in heat tneannent at 510"C for 20 hours, then at 70&C for 20 hours, for the deep region of bulk crystal and the wafer. Since hydrogen enhances oxygen diffusion, nucleation and $owth of oxygen precipitates will also be enhanced. Such effects did not occur in the wafer due to the lack of hydrogen, but did in deep region of bulk crystal. Oxygen diffusion is very enhanced by hydrogen at425"C, but its effect is weak at 510"C (Fig. 3) . Differences between the bulk crystal and wafer and benveen annealing at 425"C and 510'C in the amount of 
